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Oroville Dam Background Info
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CALIFORNIA Oroville Dam Facts:
. 770’ high

. Earthen dam

- Bulltin 1967

. 3.5x106 ac-ft
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San Francisco ®

Sources: USGS and mapsd4news.com/HERE
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Oroville Spiliway Crisis




Lake levels recede.
Evacuation order
modified to advisory
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To Engineer Is

Johnstown, PA May 31, 1889
2,300 killed
Spillway capacity inadequate
Strict liability doctrine spawned

St. Francis Dam, CA March 12, 1928
400-600 killed
Rock abutments flawed
CA dam safety agency DSOD created
Licensing required for civil engineers

Human

Teton Dam, ldaho
June 5, 1976
11 people killed, $2B damage
Piping failure
National dam safety program created



That's All? Just 3 Failures?
Hardly. e 200+ kiled

Austin Dam, Sept 30, 1890
78 killed

Mill River Dam
June 9, 1874
139 killed

Spaulding Pond Dam,
Norwich CT, March 1963

6 killed, bad design and maintenance

Baldwin Hills Dam, CA
Dec, 1963
5 killed

hsidence
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Abundance of lessons to be learned...

Canyon Lake Dam, SD June 9, 1972

Buffalo Creek Dam Feb 26, 1972 238 killed
125 killed

soaticas 5 Swift Dam, Montana June 1964
elly Barnes Dam, 28 killed
Lawn Lake Dam 1982 Georgia 1977 0252025288

3 killed 39 killed : e B

Spillway problems, slump on dam face




Modern dams have failed too

Taum Sauk, 2005
Johnstown PA, 1977 0 killed

88 killed Designed with no spillway
Inadequate spillway
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7 killed
Bad maintenance, illegal mods

“We investigated this dam in the ‘60s. Its deficiencies were recognized and Ka Loko .._'/u. Y
reports prepared for modification, but for various reasons, over a period of :

one-and-a-half decades, remedial steps or new construction was not taken.

If the dam had been upgraded in accordance with today’s prudent
engineering practice, the dam would have been able to store and/or pass the
storm.”

--Investigating engineer




And Some Near Misses

2015 Lewisville Lake Dam, TX
| 431K people at risk, volume 125x that of
February 9, 1971 Lower van Norman Dam, CA Johnstown
80,000 people evacuated when dam liquefied in EQ Risks identified 2005, not disclosed to
public till late 2015 when winter storms

brought dam to brink of failure.




Dam Safety Program Elements

Dam monitoring, followed by
remediation of any ISsues

Dam studies and, as appropriate,
capital projects to address study

findings
Training

. Emergency response planning
. Inundation maps

. Plans
. EXercises
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Oroville Dam
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Another Example Inundation
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of the Flood Wave

-
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NOTES

1. Presented here is the maximum inundation over time
resulting from a breach of Pardee and Camanche Dams
during o severe storm event simulation. Part iLA of this
EAP provides a detalled timekine of events

2. The simulation was performed using the 1.0 National
Woeather Service DAMBRK and 2-0 MIKE21 hydrodynamic
models, Modeling and Geographic Information System
analyses were pecformed by EBMUD and USBR

3. Publication of this map is not intended to reflect, in

amy way, on the integrity of Pardee or Camanche Dams
Because of the mothods, procedures, and assumptions used
to develop the looded areas, the mits of flooding

and Roodwave arrival times shown are approximate

and should be used only as guidelines for establishing
evacuation zones. Areas that are inundated depend

on actual failure or flooding conditions and may differ from the
areas shown on the maps

4, Under this Probable Maximum Flood simuiation, the
roach between Pardes Dam and Camanche Reservolr
will exporience high flows resulting from a breach of
Pardee Dam and flooding caused by the Probabie
Maximum Flood event. Notification protocols
prescribed In the EAP also apply to this zone,

EBMUD Drawing Number 10552.G-1

1) |

East Bay Municipal Utility District
Lower Mokelumne River Project
EBMUD FERC Project No. 2916

US National Grid | 10,000-m GRID, 1,000-m tics
100,00 m Soua

qua US NATIONAL GRID

Grd Zo

80 80

Figure H.1-1 Inundation Map of
Pardee Dam for a
Probable Maximum Flood Simulation
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Project 2916 - Figure H.1-1 - INUNDATION MAP OF PARDEE DAM FOR A PROBABLE MAXIMUM FLOOD SIMULATION




Dam Inspection Forms

Dam Inspection Report

Materialz Engineering Section

<>

(= L

Notice #

Electronic Forms Available Upon Reguest

East Bay Municipal Utility District
Lower Mokelumne River Project, FERC Project No. 2916

Emergency Action Plan

FERC DAM INCIDENT REPORT FORM

T

Drill | Information | Imminent Failure
| (About to fall within 24 D Rapedly developing
howrs, failing, or failed)

Only

L

] O

Siowly devaloping
D {longer than 1 month

o year)

Potential Failure

{1 day o 1 month)

O a
Non-Failure High Flow
(Not time sensitive; {> 5,000 cts Camanche
requires Engineering releases anticipated)
or Security
Assessment)

The EBMUD Operator {Pardee Area Control Center, Oakland Control Center, or Water Supply
Engineering) has collected the following data and is distributing it to emergency response agencies

and District personnel

[ Date / Time problem first (Jobserved or Cireported: | Date / Time of this Report
Date _ Time.

| Date
— e

Time

! ——

| Operator Name/Title
{

+

| Location of probiem

[[] Camanche Main Dam

[[] Camanche Spillway

] Owner Agency
1

_EBMUD_

[] North Camanche Dikes
[[] South Camanche Dikes

[ Telephane Number

[[J Pardee Dam
[] Pardee South Spillway
[] Jackson Creek Spillway Dam

River/Stream

County

Latitude

Longitude:

EBMUD Reservoir data
Date: Time.

Pardee Dam
(State Dam No.31-004)

Camanche Dam
(State Dam No.31-016)

Surface Elevation (ft)

Storage (ac-ft)

Max Storage (ac-ft)

Inflow {cfs)

Outfiow (cfs)

Release (cfs)

Spilling?

O

Situation Description: (physical damage. ercsion, sink hole. landside, leakage, boil. etc )

Recipient Instructions:

B

| EAP Project 2916 was formally activated: Date

Time

Foliow EBMUD on Twater
Zebmud

_For wab updates, access

| For additional information contact

East Bay Municipal Utility Dastrict

FERC Project No, 2916, Pardee and Camanche Facilities

Rew. 12/07/2016
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| ake Oroville Facilities
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Damage to Main Spillway

——

—.aa
i




Damage to Emergency
Spillway

To staging

Ared. oy

Lake Oroville
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Helicopters
dump rocks |

Main
- .. spillway

Concrete
wall

Trucks dump
rocks; concrete
is poured in
eroded holes




Typical Probable Failure
Modes

Design Flaws
Concrete slab thickness

Non-continuous, one-layer steel
reinforcement

Non-effective water barriers

Lack of ground anchors

Emergency spillway inadeguate
Construction Defects

Built on Incompetent rock

Permeable gravel channels/erosion
Maintenance Issues

Ineffective crack repairs/cavitation

Tree roots damaging subgrade drainage

pipes




Myths vs Reality

Myth

2017 flood was much larger than
anybody could have predicted.

Main spillway flows were large in early
Feb 2017.

Losing the use of primary spillway
was not reasonably foreseeable or
foreseen.

Flows over the emergency spillway
were higher than foreseen or
foreseeable.

Climate change is to blame for high
flows.

Reality
Peak inflow Feb 2017 was 105K cfs

Oroville “standard basis flood” (450-year recurrence) is 440K
cfs inflow

PMF Is 640K cfs

2017 flow = 60K cfs
Design basis = 150K cfs (achieved in 1997)

Erosion issue unforeseen, but gates such as those found on the
main spillway can and do fail (e.g. Folsom 1995).

Emergency spillway + main spillway are supposed to handle
PMF of 640K cfs; peak 2017 flow on emerg spillway was only
13K cfs.

Flows were not very high compared to design or prior history.



More Failures....

Taum Sauk, 2005
O killed
Designed with no spillway

Folsom Dam 1995
Gate failed open.
Reminder that mechanical devices falil.
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